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T HE Honorable President of the Senate of Gad-
jah Mada University;

Honorable professors, Deans of Faculties and
Directors of Institutes;
Distinguished colleagues, friends and relatives,
and ladies and gentlemen.
The thoughts and opinions I want to express

today are products of influences of many people
upon me. It is therefore appropriate that on the
occasion of my inauguration for the chair of an-
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thropology at the Gadjah Mada University Fac-
ulty of Medicine I express my gratitude to them.

First of all, my limitless appreciation to my
parents and families who gave me my first edu-
cation and who have helped and allowed me to
pursue unending higher education. I highly value
their mental and material support, and particu-
larly their tolerance for the fact that education
does not necessarily bring with it proportionate
material rewards.
My great gratitude goes to my elementary

school teachers who are now deceased or living
their old age. Beside teaching me how to calcu-

*Inaugural address for the chair of anthropology at the Gadjah
Mada University Faculty of Medicine, Yogyakarta, Indo-
nesia. April 19, 1973.

late carefully and to use language properly, they
taught me the basic scientific principles, like solv-
ing problems cautiously and always rechecking
them, and to be able to start a job and carry it to
the end. These are simple items, but all of them
have been immensely useful to me until today.
Great are the services of the grade school teach-
ers to all of us and those services are rendered
with a high sense of dedication and a low worldly
reward.
My thanks are also due to my secondary school

teachers, especially my teachers in mathematics
and natural sciences who taught me to say more
with less words and in a simple way introduced
the concept of relevance and intellectual honesty.
All of these have become very beneficial in my
later works.

Unforgettable are the services of the teaching
staff of the Gadjah Mada University Faculty of
Medicine who opened my eyes towards man and
his diseases, particularly Professor R. Radiopoetro
who introduced me to human morphology. He
laid the first stones for the anthropology labora-
tory at the Faculty of Medicine, and in his work
are mirrored self-discipline and independence of
spirit.
The late Dr. L. Oschinsky, at that time in the

Department of Anthropology, University of Ari-
zona, drew my attention towards paleoanthropol-
ogy. His broad interest and wide experience in-
spired his surroundings. Association with him
provoked and enriched our thought.

Professor Dr. W. M. Cobb, at that time, Head
of the Department of Anatomy, Howard Univer-
sity School of Medicine, and President of the
American Association of Physical Anthropologists,
lead me to the realities and complexities of re-
search. His sophistication in speaking and writing
has stimulated many a student, and his daily work
is a living example of how to continuously en-
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hance one's knowledge and always promote hu-
mility. His interest in my work goes beyond the
productive period during which I studied and
worked with him.

Dr. J. Huizinga (now professor), Director of
the Institute of Human Biology, University of
Utrecht Faculty of Medicine, is always remem-
bered for the congeniality and facilities given me
in preparing my major work. His wide erudition
and strong memory radiate towards those who are
fortunately associated with him.
My gratitude is also due to Professor Dr.

G. H. R. von Koenigswald, at that time at the
Geological Institute, University of Utrecht Faculty
of Mathematical and Natural Sciences. His solid
scientific experience is a boundless resource; work-
ing with him is a fruitful pleasure.

I am also thankful to all assistants and col-
leagues wherever I had worked; cooperating with
them stimulated activities, and constant commu-
nication with them fills any gap at both ends, so
that on my part it releases me from isolation from
good research libraries. Classes of students who
had associated with me always excited thinking
and provoked new ideas.

Furthermore, my thanks are due to those who
have cooperated as probands in my researches.
Without the voluntary cooperation of people, the
science of man can never advance.

In addition, I am grateful to those who have
been instrumental in all the investigations which
results are reported here for the first time, either
by means of research grants or efforts and ad-
vices given in collecting and processing the data.*
Most of the new facts presented below were ob-
tained by the Laboratory of Anthropology, Gad-
jah Mada University Faculty of Medicine.

There are of course many others, who in vari-
ous ways have helped me since the days of my
grade school. They enabled me to overcome all
difficulties, to achieve things that seemed impos-
sible, to elevate my spirit and endurance, and to
make my tight schedule look leisure. Their names
are too many to mention individually, but they
all have a place deep in my heart.
On this opportunity I will talk about human

variation in Indonesia. Man is one of the success-
ful organisms in the Pleistocene and Holocene

* These include, the Department of Education and Culture,
Jakarta, the Wenner-Gren Foundation for Anthropological
Research, New York, the Regional Center for Tropical Biol.
ogy, Bogor, and the Ford Foundation, Jakarta.

epochs. As a polytypic and polymorphic species,
man shows a considerably wide variation. In In-
donesia, which comprises thousands of islands
with different environments and which has ex-
perienced a remarkable geological history by repet-
itively acting as a landbridge between Asia on
one hand and the Pacific and Australia on the
other, human variation is, not surprisingly, wide-
ranging.

Variation among men is observed between age
groups in a family, between local populations and
between races. Differences are noted between
modern man and ancient and early man. The vari-
ation in time is clearly noticeable if we follow the
evolution of man since three mriillion years ago.

Variation is the theme of nature. Mutation is
the primary source of variation. Sexual repro-
duction with segregation and recombination in-
creases the number of possible genotypes. Dif-
ferent and changing habitats, interacting with the
genotypes, create multivarious phenotypes. If we
assume that each individual has but 40,000 genes
and that man has inhabited all kinds of habitats
on earth with their subvariations, it is not
surprising that there are no two identical indi-
viduals alive. Every man is "unique, unprece-
dented and non-recurrent."1

PLEISTOCENE MAN

In Indonesia, early man had been present
for two million years.2 His types belong to the
genus Pithecanthropus which differs from mod-
ern man, Homo sapiens, especially regarding the
brain. The lower limbs might not differ signifi-
cantly3 except for the robusticity of the limb
bones with well developed muscles in early man.
According to Dubois4 the femur of P. erectus,
who lived about 800,000 years ago,5 displays a
slightly different structure than that of modern
man: the vasti and popliteus muscles are larger;
the posterior aspect of the neck is flat; there is a
lateral supracondyloid process; and the histologi-
cal structure of the bone is distinctive.
From two million to 800,000 years ago, changes

have not been conspicuous. P. modjokertensis of
the early Pleistocene is distinguished from P.
erectus of the middle Pleistocene mainly because
of the time factor, thus as a chronospecies. Never-
theless, there was also variation in early Pleisto-
cene man in Indonesia with the synchronic pres-
ence of the so-called Meganthropus palaeoiavani-
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cus. Its mandible is more massive, particularly the
base, and its cheek teeth are much larger; these
reflect its more herbivorous habit. Other mandi-
bles also show variation, especially the so-called
P. dtubius. Its oblique line is steep and continues
onto the base, likewise its masseteric fossa. It is
interesting that both their premolars have two
roots, a mesial and a distal one.6

Variation in age is evident when we compare
the child of P. modjokertensis from Kepuhklagen,
Mojokerto, who is six years old, and the adult
from Bukuran, Sangiran. The supraorbital torus
is not pronounced at six years and the thickness
of the vault bones is still increasing. On the other
hand, the mastoid process has appeared and the
mandibular fossa is evident.
The cardinal difference between Pithecanthro-

pus and Homo is the less developed cerebral cor-
tex of the former. Consequently, the maximum
breadth of the skull is located near the base,
even if we exclude the supramastoid crest in the
measurement, where euryon is sometimes located.
Another consequence is the presence of parasagit-
tal depression or flatness. The less developed
frontal lobe causes the receding forehead and the
protrusion of the supraorbital torus for the pro-
tection of the eyes. The torus continues laterally
and posteroinferiorly, and bounds the postorbital
constriction.7,8

Another distinct characteristic is the foramen
magnum which is more posteriorly situated so
that strong neck muscles are needed for main-
taining the head balance. Consequently, the nuchal
plane is relatively larger than the low occipital
plane; both are separated by the occipital torus
where the occipital bone angulates. The cerebel-
lum is relatively small so that the internal occipi-
tal protuberance is lowly located. Because the
external occipital protuberance is located more
highly, the two protuberances are not at the same
level. The external occipital crest is absent or only
slightly discernible.9'10
On the side of the skull a complex of charac-

teristic traits of Pithecanthropus are present. At
the level of the parietal boss, the parietal bone
angulates strongly. The temporal squama is very
low and its shape is more or less triangular. All
of these are brought about by the lesser develop-
ment of the brain. Another important trait is the
strong supramastoid crest which contributes in the
formation of the tegmen pori acustici.

On the cranial base we also find traits that dis-
tinguish Pithecanthropus from Homo. The basilar
portion of the occipital bone is wide and not
bounded by a dear petrooccipital fissure from the
petromastoid portion of the temporal bone. The
foramen lacerum is absent. And the petrotympanic
axis forms an angle.
On the cerebral aspect, we observe the char-

acteristic ramification of the middle meningeal
grooves, i.e. the posterior branch is larger than
or as large as the anterior branch. At the stem we
usually find a meningeal canal.11 Furthermore, in
Pithecanthropus the vault bones are always thick.
We do not have many remains of the face of

Pithecanthropus. We know that the nose root is
broad and the nasion notch is present. The ante-
rior crest at the base of the piriform aperture is
not well marked. The lacrimal fossa is absent.
The teeth of Pithecanthropus are large; the

posterior molars have not reduced significantly
except the last upper molar. The root systems are
still primitive in some specimens, such as the two-
rooted lower premolars mentioned above. The
upper first premolar in P. modjokertensis has three
roots.12 The sequence of bony eruption might be
slightly different from the usual pattern in Homo
sapiens. The frontal process of the zygomatic
bone is thick in order to fit the massive zygomatic
process of the frontal bone.
The mandible has no chin and its oblique line

and lateral torus are prominent. The large teeth
cause the massive alveolar process and the low
location of the mental foramen.
Whether Pithecanthropus has 46 chromosomes

as H. sapiens, 48 as Gorilla or 44 as the gibbon,
we do not know. We note that gibbons and
siamangs, which are similar in morphology, have
different numbers of chromosomes (50 in si-
amang).13 By immunological approach, it is found
that between the gorilla and chimpanzee, which
have a similar morphology and the same chromo-
some number and are classified into two genera,
there is an index of dissimilarity or immunological
distance of 1.17. This is larger than the ID be-
tween the gibbon and siamang, which is 1.07.14
Therefore, I think it is appropriate if Pithecan-
thropus is classified in a separate genus. The dif-
ference in brain development reflects differences
in many genes. The conspicuous difference in the
development of the cortex also reflects the dif-
ference in skill which further indicates the dif-
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ference in ecological niche. The difference in the
way of exploiting the environment signifies that
the evolution from Pithecanthropus to Homo is
not just a case of speciation, but macroevolution.
In regard to the differences in the infracranial
bones of Pithecanthropus and Homo we are not
very certain, since the femora of P. erectus are
dissimilar to those of Pithecanthropus from Peking
or Olduvai.3 But even if these differences are not
considerable, it is not surprising, because supra-
organic evolution in man makes the physical dif-
ference less and less prominent. The most impor-
tant feature in hominid evolution throughout the
Pleistocene is the evolution of the brain.

In the Middle and Upper Pleistocene, an im-
portant variation existed in the taxon Pithecan-
thropus. At that time we have P. soloensis beside
P. erectus in Indonesia. The former has a larger
brain and probably also a greater body size. His
cranial capacity is between 1000-1300 cc, while in
P. erectus it is only 800-1000 cc. This discrepancy
is not due to intraspecific sexual dimorphism or
ontogenetic difference. Differences in sex and age
can be observed both in P. erectus or P. soloensis
finds.
Owing to the larger size of his cerebral cortex,

the parasagittal area in P. soloensis is flat, not con-
cave. His postorbital constriction decreases, his
infratemporal fossa begins to be filled and his
cranial height increases. In the occipital area a
triangular prominence is found at inion. There is
a slight external occipital crest, especially near the
foramen magnum.
On the cranial base, the foramen magnum is

angulated in two planes corresponding to the
nuchal plane and the plane of the subcerebral por-
tion of the skull base. The distance between the
entinion and ectinion is less compared to that in
P. erectus, reflecting the development of the cere-
bellum. It is important to note that the oval fora-
men is located within a fossa with another fora-
men. This accessory oval foramen is probably for
the accessory meningeal artery.15 The canalis mus-
culotubarius is very large in P. soloensis.

In front, the supraorbital torus begins to un-
dergo a disintegration, particularly in the gla-
bellar region. The cheekbone is massive with a
thick inferior border.5

It is difficult to know if there was reproductive
isolation between P. erectus and P. soloensis. They
did coexist for a period of time, but P. soloensis

survived up to the late Pleistocene. In the living
primates there are also cases of coexisting species,
i.e. synchronic and sympatric species.
At the end of the late Pleistocene, H. sapiens

already existed in Indonesia and adjacent areas.
These human populations, whose remains were
found at Wajak (Tulungagung, East Java), Niah
(Sarawak, North Borneo) and Tabon (Palawan,
the Philippines), demonstrate some interesting
features. Wajak has a wide flat face, while his
skull is dolichocranic, resulting in a dysharmonic
head. The nose is wide and low. There is alveo-
lar prognathism, but no canine fossa is present.16
On the skull, a sagittal torus is evident with

flattening at lambda. On the cranial base there is
a precondylar tubercle. And the condylar index
is low in Wajak man.

Interesting are the relatively large teeth as
compared to those in the living populations.
Consequently, the mandible is also large and has
a broad ramus. In the upper molars, we en-
counter a hypoconule as the fifth cusp.
Some variations are exhibited by Niah man.

His nasion is deep below which there is a broad
nasal aperture with a sharp inferior border. The
teeth are not as large as in Wajak.
At the time of Wajak and Niah men, human

variation in South East Asia seems not to have
been as great as at present. This appears to be
the situation from 40,000 to 15,000 years ago.
Racial elements were not as mixed as today and
the area inhabited was also not as wide.

POST-PLEISTOCENE MAN

In post-Pleistocene times we observe trends
toward the present condition. Racial elements
began to appear. It can be stated roughly that
in the west and north of Indonesia we have
Mongoloid elements, but Austromelanesoid ele-
ments were still present. This is proven by hu-
man skeletal finds of the Epipaleolithic Age. The
skeleton from a shell mound at Alur Itam,
Tamiang (East Acheh, North Sumatra) for ex-
ample, which was found in 1965 associated with
some Hoabinhian tools and mammalian fossils,
shows Austromelanesoid features. The dolicho-
cranic skull has a wide nasal root. The mandible
is not robust as is usually the case in the present
Melanesians. Likewise, the dental measurements
are smaller than in these people. The skeleton of
this 40-year old woman has a stature of 153 cm.



VOL. 66, No. 5 Variation In Indonesia 393

Another skeleton, found in the kitchen midden
at Binjai, Tamiang, in 1929, also has a short
stature and a dolichocranic skull.16 I think that
the populations of the middens of Tamiang and
East Sumatra are not dissimilar to the population
of the Gua Kepah middens on the Malayan Penin-
sula across the Strait of Malacca.
The caves of East Java, especially Sampung, re-

vealed similar populations as well. The skulls are
dolichocranic and have a sagittal torus and con-
striction in the temporal area. The side walls of
the skull are almost vertical and in the occipital
area a "cignon" is present. The cheekbones do not
demonstrate Mongoloid features. The jaws and
teeth also remnind us of the Austromelanesoid race,
and similarly the pelvic bones.17

Other skeletons from the caves of East Java,
such as the Petpuruh, Sodong and Marjan caves
and the one in Bojonegoro, display Austro-
melanesoid characteristics, too.'8 Thus, it can be
concluded that the populations of Tamiang and
East Java in the Epipaleolithic Age did not differ
very much except for the admixture of some Mon-
goloid elements in the northwestern part of Indo-
nesia.

Other Epipaleolithic remains came from the
Toalan cave culture of South Celebes. Two skele-
tons from Uleleba cave have short stature19 (Sara-
sin, 1903). The skeletons from Bola Batu and
Leang Karassa are not distinguishable from those
of the living Buginese.20 A study of 2682 perma-
nent teeth from Leang Chadang, Soppeng, shows
the predominance of Mongoloid elements. The
incisors and canines, for example, have a high
frequency of shoveling. Labidodont occlusion or
edge-to-edge bite is still commonly found. Pre-
molar cones and talonids on the second lower
premolars, characteristic for Mongoloids, are also
often encountered.17

Beside the racial variations brought about by
migration or hybridization, there is also varia-
tion due to local microevolution. Various primi-
tive features, for example, are found on the teeth
from Leang Chadang, such as the sixth and seventh
tubercles. The upper molars are still relatively
large.

Other Epipaleolithic human remains were dis-
covered in the caves of Flores. Here the Austro-
melanesoid elements are stronger too. The skull
is long and oval in vertical view and gable-shaped
in occipital view. The mandible is massive and

the dental dimensions are comparable to those
of Sampung and Gua Kepah, but the molar crown
patterns resemble that of Leang Chadang. These
indicate the predominance of Austromelanesoid
element which had undergone further microevolu-
tion than the population of Sampung.
To summarize, it is evident that in the Epi-

paleolithic Age in northwest Indonesia the Aus-
tromelanesoid element was still strong, but had
already hybridized with some Mongoloid elements.
In the southern part of West Indonesia, Mongo-
loid elements were not evident. Farther to the
east the situation was still the same as before, in
fact it continues until recent times. On the con-
trary, in the northern part of East Indonesia
Mongoloid elements were much stronger, indicat-
ing a line of affinity between East Asia, the
Philippines and Celebes.
Of the Neolithic Age we have no skeletal finds

complete enough for a thorough study. If we turn
to Malaysia, Thailand and Indo-China, we are
aware that the Mongoloid elements were either
as strong as the Austromelanesoid or already pre-
dominant.21'2223 In the Paleometallic Age the sit-
uation became clearer; it seems that there was
polarization of racial elements: in the west and
north of Indonesia the Mongoloid element was
stronger or was the only racial element, whereas
in the east and south the Austromelanesoid ele-
ment was stronger or was the only element. Such
situation has been more or less perpetuated up to
the present.
The skeletal evidences for this are the skeletons

from Anyer Lor (West Java), Puger (East Java),
Gilimanuk (Bali), Melolo (Sumba) and Lom-
blen. Austromelanesoid and Mongoloid features
appear to be mixed in the remains from Anyer
Lor, Puger, Melolo and Lomblen, while in Gili-
manuk the Mongoloid features are strong-
er.17,24-27 Several finds from other sites sup-
port this rough classification, e.g. the skeletons
from Buni (West Java), Sangiran (Central Java),
South Celebes, Flores, etc.

Viewed racially, the present situation is a con-
tinuation of the trend mentioned above with far-
ther shift of the Mongoloid distribution toward
the east, several backflows to the west, with prin-
cipal admixture in the area in between, the Wal-
lacea. Besides, Mongoloid elements from the
north are still continuing to flow, slowly and
steadily, toward the south.
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Variations in the present Indonesian popula-
tion can be investigated more thoroughly, because
we can study the living beside the skeletons and
teeth. The variation is tremendous indeed, affect-
ing monogenic as well as polygenic traits, and
morphological, physiological, serological as well
as biochemical characteristics.

HEIGHT AND WEIGHT

Stature has a wide variation in the present In-
donesia, i.e. between 135-180 cm, in other words
from short to tall. The mean stature is probably
slightly different between several local populations,
but in many cases the differences are not signifi-
cant. In the cities stature seems to have increased
in the last decades, e.g. in Jakarta,28,29 but in the
rural areas the increase is non-existent or very
small, e.g. in Gunungkidul between 194130 and
1971.
Body weight varies between 30-75 kg with

concentration in the 45-55 kg bracket; in the
mountain areas and cities, body weight is slightly
greater. Body weight is more influenced by envi-
ronment than body height. The increase of body
weight in the rural areas in the last 30 years is
also not remarkable.

Birth weight is also low in Indonesia. In Yogy-
akarta for example, the mean birth weight is 2.89
kg, similar to the condition in East Timor. Infants
of well-to-do groups in Yogyakarta have a mean
birth weight of 3.02 kg, resembling the condition
in Malaysia. In Gunungkidul the mean birth
weight is 2.72 kg as is the case in India.31 Birth
weight is not only influenced by environment, but
also by genetics.
The relationship between body height and

weight is difficult to express in simple formulas,
like those of Broca, Beckert, Habs, Ott, etc.32 In
assessing leanness-fatness ratio it is better to also
consider other criteria, such as chest breadth or
shoulder breadth and skinfold thickness.

BODY BUILD

The total skinfold thickness, i.e. the sum of
the deltoid, infrascapular and suprailiac skinfold
thickness, is, according to our investigation in
Rongkop (Gunungkidul) and Kejajar (Wono-
sobo), on the average 25 mm in women and 16
mm in men. In Mongoloids, the skinfold thick-
ness is not high; this might also be a part of
adaptation to the tropical climate. The problem

of obesity is not a crucial problem in Indonesia.
If skinfold thickness is correlated with body
height and weight, we have the lean score.33
Among the peasants of Rongkop and Kejajar, the
lean score in general is above 4, which means lean
or thin, particularly in males.

Body build is also influenced by fatness or lean-
ness. In a somatotype study in both the above-
mentioned areas, utilizing the Heath-Carter meth-
od,34 the most frequent somatotype turns out to
be mesomorphy, either in males or females; endo-
morphy is very rare. This condition is mainly the
result of their occupation as peasants beside the
nutritional environment. Among the Indonesian
Air Force Academy recruits of 1970 from all re-
gions of Indonesia who were somatotyped an-
thropometrically (modified Sheldon method),
ectomorphy is most often found, whereas meso-
morphy occupies the second place. Endomorphy
is more frequent than in either of the above
places. This might be due to the different methods
used and the different composition of the popu-
lations of which the recruits constitute a selected
sample which had gone through various physical
and medical tests.
The ratio between the pelvic and acromial

breadth influences body build as well. Similar to
the condition in other Mongoloids, this ratio in
Gunungkidul and Wonosobo is below 73. This
figure is lower relative to the Caucasoid race. In
the males, the index is lower than 68.5; in this
case the difference between males and females is
not remarkable. In addition to the smaller size of
the pelvis, suprailiac fat deposition in females
(the biiliac diameter was measured on the skin
without pressure) in our populations is not so
great.

SKIN VARIATIONS

Skin color variation among Indonesians is not
wide. In our investigations of Yogyakartanese
chest skin color belongs chiefly to color group
12-15 of the von Luschan scale which comprises
nuances of brown. In West Indonesia truly black
skin color does not exist; the darkest color is
blackbrown. Beside genetics, skin color is influ-
enced by environment and might be an adapta-
tion to climate. It is also possible that skin color
differences exist between social strata, because of
the reluctance to work or play in the sun among
the upper class, and the differences are inherited
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to the next generation through mating preference
in which those with lighter skin color are
favored.35

Chest skin color in babies of 3-10 days old in
Yogyakarta is concentrated in two color groups,
i.e. 22-24 and 15-17 according to the von Luschan
scale. By using the reflectance spectrophotometer
and filter No. 605, wave length of 550 mfA, the
reflectance in the scapular region in Yogyakarta
infants, aged between eight days and 41/2 years,
is found to be 12-29%. Sacral or mongoloid spots
are present in 95% of babies in Yogyakarta in
conformation to its distribution in the Mongoloid
race. Similar frequencies are found among Chi-
nese, Japanese, Koreans and Indo-Chinese.36

Pilosity is not remarkable in Indonesians; be-
cause the Mongoloid element is predominant,
body hair is scanty. Baldness is rare, although
calvities on the forehead are quite common in
males; its frequency in Yogyakarta is 71.7%.37
Of the skin, dermatoglyphs of the finger and

palm are also important. As Mongoloids, the fre-
quency of arches is very low, in general below
3%. Only in the investigation in Klaten, a higher
percentage of arches is found, namely 5.19% in
females and 4% in males and females. This is
interesting and requires further study. In other
Mongoloids there are also reports about rather
high frequencies of arches, such as in Annam.38
The Dankmeijer index in Java varies between 5
and 10. The total finger ridge count ever been
studied is among the population of Kejajar, result-
ing in 12.3 ridge per finger in the female and 14.4
in the male. The main line formula on the palm
in Yogyakarta is chiefly 7.5".5' and 9.7.5", indi-
cating that the direction of the ridges is not really
transverse. In the Mongoloid race main line D
mostly ends in areas 7 and 9.

BLOOD GROUPS

In regard to the blood groups, most studies in
Indonesia concern the oldest known ABO system.
In Yogyakarta blood group 0 is the most com-
mon, with a gene frequency of 0.61, while the
frequency of gene B is 0.23. These frequencies
are similar to those among the people of Acheh,
Deli, Batak and Minangkabau.-"40 In a group of
Achehnese in Yogyakarta the frequency of gene 0
is 0.63 and the frequency of gene B 0.20. In East
Indonesia the frequency of gene 0 ri'ses from
0.65 in Timor41 to 0.81 in Ceram, whereas the

frequency of gene B decreases from 0.13 in
Ambon to 0.10 in New Guinea. If Timor does
not show any difference with West Indonesia, in
Nias the frequency of gene 0 is very high, while
the frequency of gene A is very low. The popu-
lation of Kurinchi (West Sumatra) reveals some
deviation, because their frequency of gene 0 is
low (0.50), whereas that of gene B is high
(0.28). It is known that monogenic traits, such
as the ABO system is easily influenced by genetic
drift, especially in this country which consists of
thousands of small islands where people have
lived in small groups. It should be noted that
subgroup A2 is not found or is very rare in Indo-
nesia.
Of the MN system the frequencies of genes M

and N are about equal. In Yogyakarta we found
the frequency of gene M to be 0.54 and of gene
N 0.46. In the north, e.g. Thailand, the frequency
of M is higher, while in the east, e.g. New Guinea,
the frequency of N is very high.
Of the Rh system the most common gene we

found in Yogyakarta is CDe (R1), the most fre-
quently occurring gene in East Asia and Australia,
which is 82.5%. cDe (RO) and cDE (R2) are
also found but in small frequency. It is interesting
that the rare gene CDE (R7) is also present. The
most common genotype is CDe/CDe (R1R1). d
is totally absent, so that no Rh negative individual
is encountered.

Furthermore, in Indonesia the following blood
groups are also found: Lewis (Le(a+) 40% in
Java, Kidd (Jk(a+) 100% in various Dayak
tribes), Diego (also in various Dayak tribes),
Lutheran (0.01 among the Dayaks) and Duffy
(Fy(a+) 0.8).

ABNORMAL HEMOGLOBINS

Abnormal hemoglobins were also reported from
Indonesia, such as Hb C, Hb D, Hb E and Hb F
in adults (or Hb A2). In the case of thalassemia
it is postulated that its gene frequency is main-
tained by balanced polymorphism which favors
the heterozygotes (thus, sufferers of thalassemia
minor) which are thought to be resistent against
malaria. Hb S is not found in Yogyakarta.

ENZYME DEFICIENCIES

Several enzyme deficiencies or variants have
been reported as well from Indonesia, such as the
glucose-6-phosphate-dehydrogenase.4 Besides, the
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high incidence of milk intolerance causing alimen-
tary complaints indicates the presence of lactase
deficiency.43 In Yogyakarta, the incidence is around
20%; in Thailand the figure is much higher, in
fact, it reaches 100% in several populations. This
condition is assumed to be due to cultural selec-
tion: the deficiency of lactase or 8-galactosidase,
either primary or secondary, has a higher incidence
in the population which is not acquainted or is
just recently acquainted with dairy animals or
milk utilization.44

OTHER TRAITS

Taste blindness for phenyl-thio-carbamide has a
gene frequency between 0.30-0.40 in West Indo-
nesia;45 in the Tengger mountain area its fre-
quency reaches 0.50, while in Bali and Lombok it
is only between 0.05-0.10.38

Cerumen or ear wax is of two types, the wet
(in Japan called nekomzimi) and the dry type
(nukamimi). The wet gene is regarded as domi-
nant and is inherited in a simple Mendelian man-
ner.46 In the Mongoloids the wet gene is less fre-
quently found than in other races. Our inves-
tigations in Gunungkidul and Wonosobo show
that the dry gene is more frequent, i.e. 0.72 in
the former and 0.63 in the latter place. Those
frequencies are similar to the findings in the ab-
original populations of Formosa and Micronesia.
In the dry cerumen lysozym and immunoglobulin
IgG are more abundant.47

Free ear lobes are postulated by some to be
inherited as a simple dominant factor. In Gunung-
kidul the frequency of free ear lobes is 33%,
whereas in Wonosobo 44%. In the neonates in
Yogyakarta the frequency of free ear lobes is
higher, approaching 70-80%. In the adults of
Yogyakarta the frequency is between 64-68%. In
the Malay aboriginals of Malaysia (Orang Laut
and Orang Darat), the frequency is around
57%.49
The total active sweat glands in the Sasaks of

Lombok is'about 130 per cm2 in the lower'arm
and' infrascapular region, 118 per cm2 on the
chest, 100 per cm2 in the medial femoral region
and 160 per cm2 in the lateral femoral region.49
In the Japanese the figure is smaller, and likewise
in the Caucasoid race; it is probably due to their
larger body size, while the total sweat glands do
not differ significantly.50
The blood pressure shows a discrepancy be-

tween rural and urban areas, and between agri-
cultural and industrial countries. The condition is
influenced by nutrition and mental stress in'city
life. Among the peasants of Gunungkidul and
Wonosobo we found that the mean systolic pres-
sure is between 113-119 and the mean diastolic
pressure between 63-66.

BIRTH, GROWTH AND DEATH

In rural areas the number of children is ex-
pected to be high compared to that in hunting
or shifting agricultural communities, particularly
if the health status in the first mentioned areas is
higher, because of the decreasing infant mortality
rate. In Rongkop the number of children among
wvomen between 18-60 years old is most frequently
between three and five (30%), while in Kejajar
it is higher than five (40%). The average figure
is 3.2 for Rongkop and 4.5 for Kejajar.

Dizygotic twin birth in Central Flores is 8.8%,
whereas monozygotic twin birth is 4.9% 51 The
frequency of monozygosity does not differ much
from that in other races, but the frequency of
dizygosity is similar to that in the Caucasoids,
therefore lower than in the Negroids, but higher
than in the Japanese.50
Age of puberty can be determined by menarche

in the female and by spermarche in the male. In
our investigation, using the recollective method,
in Yogyakarta the mean age at menarche turns out
to be 14.5 years.52 This resembles the condition in
Klaten, but differs from that in Semarang (13
years) and Jakarta (12.5 years) or Surabaya (13.5
years).53 The age at menarche in Singapore is be-
tween 12.5-13 years.54 As we know menarche is
influenced by genetic as well as environmental
factors.

Spermarche or the first seminal pollution is
more difficult to establish by using the recollec-
tive method than menarche. In our study in
Yogyakarta the age at spermarche is on 'the a'ver-
age 15.3 years. In Budapest, spermarche' occurs
between 13-16 years.32
The expectation of life at birth in Indonesia is

estimated to be between 40-50 years. In the lower
socioeconomic bracket which is still untouched by
medical care, the age at death is of course lower
and the infant mortality higher. If we investigate
the age at death of cadavers in our Laboratory of
Anatomy which are derived from the provinces of
Central Java and Yogyakarta, from Purwokerto in
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the west to Surakarta in the east and from Kudus
in the north to Wonosari in the south, we get a
picture of attainable life span in the marginal
economic bracket. The peak of mortality is found
to be between 21-30 years for males as well as
females. Therefore, only a small portion of human
life span was lived by this group.'1 The age at
death is lower than that of the cadavers in Ameri-
can anatomy laboratories of the past, before indi-
viduals of higher economic brackets will their
bodies to medical schools (37 years for Negroes
and 45 years for Caucasoids).55

TEETH

As regards the dentition we expect the Indo-
nesian would follow the dental master pattern of
the Mongoloids or the Austromelanesoids or both;
In a study of the present Sangiran population we
found 87.6%v psalidodont occlusion or scissor bite.
The upper dental arch is mainly oval or parabolic
in shape, while the lower dental arch is mainly
parabolic or hyperbolic. Dental crowding occurs
chiefly in the anterior dentition, and particularly
the second incisor. This tooth is in the upper jaw
usually lingually displaced (in-standing) in the
Mongoloid race. At 18 years of age around 34%
of the third molars are still unerupted, whereas
at 30 years 30%. The incidence of agenesis of the
third molar is high in several Mongoloid groups.

Thus, we have a bird's eye view of human
variation in Indonesia in time and space. In time
we have observed the macroevolution from Pithe-
canthropus to Homo with cardinal changes in the
brain and its case, the neurocranium, especially
the increase of the cranial capacity from 800 to
1400 cc, and the reduction of the most upper
portion of the alimentary canal, the viscerocra-
nium, especially the reduction of the masticatory
muscles, jaws and teeth. At the end of the Upper
Pleistocene and- the beginning of the Holocene
microevolution in the genus Homo began to take
place, locally or by gene flow. Genetic drift is
assumed to play an important role in this archi-
pelago, particularly among the Paleolithic and
Epipaleolithic people who lived as hunters and
gatherers in small groups.
The population is estimated to be low in the

Lower Pleistocene and the area inhabited might
be restricted to the Sundaland. If subsequently
East Indonesia was populated, migration must
have taken place through the Philippines. It was

in the Neolithic Age that the population statted
to increase, the area inhabited became more-ex-
tensive and human variation became wider. Never
was the population evenly distributed throughout
Indonesia. Even now 50% of the world popula-
tion live in 5% of land area.50

It is possible that man and his variation in the
Neolithic did not differ much from the present
population, except for the process of gracilization
which had proceeded further and the dental re-
duction (in number, size and crown pattern)
which became more advanced. During this age
brachycephalization is thought to become wide-
spread in Indonesia, especially in the west and
north. It should be kept in mind that the processes
of evolution do not proceed at the same rate for
all body parts, so that mosaic evolution is en-
countered. There are body parts which are al-
ready progressive existing side by side with parts
still primitive or archeic. Mosaic evolution is also
found in cultural evolution.
The present human variation has a wide range

and reflects the interaction between genetics and
ecology. Every individual has between 10.000 and
100.000 genes; at many loci multiple alleles occur.
And many of the physical traits are polygenic.
Moreover, one gene can be influenced by modi-
fying genes and gene environment. The pene-
trance of a gene may differ in different environ-
ment. Just as the natural environment, uterine or
prenatal environment also influences the indi-
vidual. And we are aware of how variable the
human environment is from place to place and
from time to time.

Therefore, existing differences between various
local populations in Indonesia are not always due
to racial factors; many of them are products of
adaptation, isolation and genetic drift. In the fu-
ture we expect that differences between these
populations will decrease owing to the unifying
process which will make the whole population in
this country consists only of several or one gene
pooL. .
From the above discussion on human variation

it is evident the various lines of research which
can be taken, each having its particular ends.
There are still many gaps in our knowledge on
man in Indonesia, either the gaps in time since
human remains of several periods have never been
or are only scantily recovered, or the gaps in space
since many populations have never been or are
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barely investigated. To make an inventory of hu-
man variations in Indonesia, to analyze their
causes and to synthesize them is a gigantic task,
which shrinks every investigator facing it. For this
very task, with my strength and weakness, I hum-
bly offer my efforts and laboratory.
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(Miles, from page 403)

x-rays and negative chest x-rays with bone disease.
In the chronic phthisic, osseous tuberculosis should
always be suspected when "arthritis" rears its head
and assumes an untoward course. The slow indo-
lent nature of osseous tuberculosis, with difficulty
in diagnosis, is evident.

Tuberculous osteomyelitis can present with lytic
lesions without reaction anywhere. Dense or ivory
vertebrae can be seen with tuberculosis. Negative
chest x-ray cases fell between the ages of 27 to 42
years. Response was rapid when proper treatment
was instituted. This can be documented radio-
graphically.
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